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(54) Punching device, sheet processor having the punching device, and image forming apparatus 
having the punching device 



(57) There is provided a punching device including: 
a die member having a plurality of die holes formed 
therein; a plurality of punch members which are caused 
to advance into the die holes to punch holes in a member 
to be punched; an operating member having cam por- 
tions fomned along a direction intersecting the direction 
of advancement of the punch members, the operating 
member being moved along the direction intersecting 
the direction of advancement of the punch members to 
cause by a conversion function of the cam portions the 



punch members to advance into the die holes; and a 
drive unit for selectively causing advancement of the 
plurality of punch members by changing the direction of 
movement of the operating member. In thepunching de- 
vice, each of the cam portions has a straight groove and 
a cam groove for performing the conversion function, 
and when the operating member is moved in one of op- 
posite directions, at least one of the cam grooves of the 
cam portions acts on one of the punch members to se- 
lectively cause the same to advance. 
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Deserfptlon 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001 ] The present invention relates to a punching de- 
vice for punching holes In a thin member, e.g., a board 
or a plate such as a wooden board or an Iron plate, or 
a sheet of some material, a sheet processor having the 
punching device provided In its main body, and an Image 
forming apparatus also having the punching device pro- 
vided In its main body. 

Related Background Art 

[0002] Conventionally, punching devices have been 
used singly or as a component in a state of being incor- 
porated in an apparatus with which a thin member to be 
punched Is handled. 

[0003] For example, an application of a punching de- 
vice in a sheet processor for binding or folding punched 
sheets Is icnown. The punching device is used In a state 
of being incorporated in the main body of the sheet proc- 
essor. An application of a punching device in an image 
fomning apparatus such as a copying machine, a laser 
beam printer, a facsimile machine, or a combination of 
some of these apparatuses is known. The punching de- 
vice Is used as a component In a state of being incorpo- 
rated In a main body of the image fonning apparatus. 
Further, in some cases, a punching device is used in a 
state of being incorporated in a sheet processor and in- 
corporated in a main body of an image fonning appara- 
tus together with the sheet processor. 
[0004] A punching device used to make holes in a 
member has the number of punches and the same 
number of dies corresponding to a certain number of 
holes which should be made in the member by punch- 
ing. The punching device punches holes in the member 
by causing each punch to advance into the hole in the 
corresponding die. . 

[0005] Conventional punching devices, however, 
have a complicated mechanism for operating each 
punch and are therefore incapable of punching holes in 
a member smoothly and quickly. 
[0006] in recent years, there has bean an Increasing 
demandforchanging the number of holes to be punched 
In a member in accordance with the size thereof. It Is 
not possible to satisfy the demand by using any of the 
conventional punching devicessince each conventional 
punching device has only punches and dies corre- 
sponding to the number of holes to be punched in a 
member. 

SUMMARY OF THE INVENTION 

[0007] The present Invention has been made In view 
of the above, and an object of the present Invention is 



to provide a punching device capable of smoothly 
punching holes and changing the number of holes to be 
punched and, In peirtlcular, capable of quickly changing 
the number of holes to be punched, a sheet processor 
5 having the punching device, and an Image fonning ap- 
paratus having the punching device. 
[0008] in order to achieve the above-mentioned ob- 
ject, one aspect of the present invention relates to a 
punching device, comprising: 

10 

a die member having a plurality of die holes formed 
therein; 

a plurality of punch members which are caused to 
advance into the die holes to punch holes In a mem- 
15 ber to be punched; 

an operating member having cam portions formed 
along a direction intersecting the direction of ad- 
vancement of the punch members, the operating 
member being moved along the direction intersect- 
ing the direction of advancement of the p unch mem- 
bers to cause by a conversion function of the cam 
portions the punch members to advance Into the die 
holes; and 

drive means for selectively causing advancement 
25 of the plurality of punch members by changing the 
direction of movement of the operating member. 

[0009] In a punching device according to another as- 
pect of the invention, each of the cam portions has a 
30 straight groove and a cam groove for perfonning the 
conversion function, and when the operating member is 
moved in one of opposite directions, at least one of the 
cam grooves of the cam portions acts on one of the 
punch members selectively to cause the same to ad- 
35 vance. 

[0010] in a punching device according to another as- 
pect of the invention, one of the cam portions has two 
cam grooves at Its center, and straight grooves fonned 
at opposite ends of each cam groove, and Is used to 
40 control two of the punch members. 

[0011] in a punching device according to another as- 
pect of the invention, one of the cam portions has one 
cam groove at its center, and straight grooves formed 
at opposite ends of the cam groove, and is used to con- 
'>s troi two of the punch members. 

[0012] in a punching device according to another as- 
pect of the Invention, one of the cam portions has one 
cam groove at Its end, and a straight groove formed at 
an end of the cam groove, and is used to control one of 
so the punch members. 

[0013] in a punching device according to another as- 
pect of the Invention, one of the cam portions has two 
cam grooves at its center, and straight grooves fonned 
at opposite ends of each cam groove, and is used to 
S5 control two of the punch members; another of the cam 
portions has one cam groove at its center, and straight 
grooves formed at opposite ends of the cam groove, and 
is used to control two of the punch members; and a re- 
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malning on© o1 the cam portions has one cam groove at 
its end, and a straight groove fomied at an end of the 
cam groove, and ts used to control one of the punch 
members, two of the punch members and three of the 
punch members being selectively caused to advance. 
[001 4] Another aspect of the present Invention relates 
to a punching device, comprising position detection 
means for detecting the position of the operating mem- 
ber while sectioning the area for movement of the oper- 
ating member Into a first rest area, aflrst purrchlng area, 
a second punching area, and a second rest area In the 
stated order, drive means for moving the operating 
member, and operation control means for controlling the 
drive means on the basis of the detection operation of 
the position detection means, wherein the operating 
member can be moved between the first rest area and 
the second rest area, which perfomns In the first punch- 
ing area a punching operation for causing the punch 
member to advance into the corresponding die hole 
when moved from the first rest area to the second rest 
area, and performs in the second punching area a 
punching operation for causing the punch member to 
advance Into the corresponding die hole when moved 
from the second rest area to the first rest area. 
[001 5] In a punching device according to another as- 
pect of the Invention, the operation control means per- 
forms an initializing operation for moving the operating 
member to the second rest area when the operating 
member is located In the first rest area or In the first 
punching area, and-that for moving the operating mem- 
ber to the first rest area when the operating member is 
located In the second rest area or in the second punch- 
ing area. 

[00161 Another aspect of the present invention relates 
to a punching device, comprising position detection 
means for detecting the position of the operating mem- 
ber while sectioning the area for movement of the oper- 
ating member Into a first rest area, aflrst punching area, 
a second punching area, a second rest area, a third 
punching area, a fourth punching area, and a third rest 
area In the stated order, and operation control means 
for moving the operating member through a movement 
area selected from a first movement area fonned of the 
first rest area, the first punching area, the second punch- 
ing area, and the second rest area, and a second move- 
ment area formed of the second rest area, the third 
punching area, the fourth punching area, and the third 
rest area by controlling the drive means on the basis of 
the detection operation of the position datsction means, 
wherein the operating member punches a first number 
of holes In the member to be punched with the corre- 
sponding number of the punches when the operating 
member performs In the first punching area a punching 
operation for causing the corresponding number of the 
punch members to advance Into the corresponding die 
holes during its movement from the first rest area to the 
second rest area, and when the operating member per- 
f onns in the second punch ing area a punching operation 



for causing the corresponding number of the punch 
members to advance into the con-esponding die holes 
during Its movement from the second rest area to the 
first rest area, and wherein the operating member 
« punches a second number of holes In the memberto be 
punched with the corresponding number of the punches 
when the operating member performs in the third punch- 
ing area a punching operation for causing the corre- 
sponding nu mber of the pu nch members to advance into 
'0 the corresponding die holes during Its movement from 
the second rest area to the third rest area, and when the 
operating member performs In the fourth punching area 
a punching operation for causing the corresponding 
number of the punch members to advance into the cor- 
'5 responding die holes during Its movement from the third 
rest area to the second rest area. 
[0017] In a punching device according to another as- 
pect of the invention, the operation control means per- 
fonns, on the basis of the detection operation of the po- 
20 sition detection means, an initializing operation for mov- 
ing the operating member to the second rest area when 
the operating member Is located In the first rest area or 
In the first punching area, that for moving the operating 
member to the first rest area when the operating mem- 
25 ber Is located in the second rest area or in the second 
punching area, that for nrravlng the operating memberto 
the third rest area when the operating member Is located 
in the second rest area or In the third punching area, 
and that for moving the operating memberto the second 
30 rest area when the operating member is located In the 
third rest area or in the fourth punching area. 
[0018] In a punching device according to another as- 
pect of the invention, a speed of the movement of the 
operating member In the Initializing operation is lower 
35 than that in the punching operation. 

[001 9] In a punching device according to another as- 
pect of the invention, the operation control means stops 
the operation of the drive means If the position detection 
means does not detect the movement of the operating 
40 member after a lapse of a predetemnlned period of time 
from the time at which the operation control means 
starts the operation of the operating member. 
[0020] in a punching device according to another as- 
pect of the invention, the predetermined period of time 
ts In the case of the initializing operation Is longerthan that 
In the case of the punching operation. 
[0021] In order to achieve the above-mentioned ob- 
ject, the present Invention relates to a sheet processor, 
comprising the punching device for punching holes in 
50 the sheet according to any one of the above aspects 
and binding means for binding the sheets. 
[0022] in order to achieve the above-mentioned ob- 
ject, the present Invention relates to an Image fonning 
apparatus, comprising: Image fonning means forform- 
55 ing an Image on a sheet; and the punching device for 
punching holes in the sheet according to any one of the 
above aspects. 

[0023] In order to achieve the above-mentioned ob- 
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jact, the present Invention relates to an Image forming 
apparatus, comprising: Image forming means for form- 
ing an Image on a sheet; the punching device for punch- 
ing holes In the sheet according to any one of the above 
aspects; and binding means for binding the sheets. 
[0024] The punching device of the present invention 
is arranged to punch holes In a member to be punched 
by using the movement of the operating member moved 
In a direction Intersecting the direction of advancement 
of the punch members. Therefore the punching device 
simply constructed In accordance with the present in- 
vention can quickly punch holes in a member to be 
punched. 

[00251 The punching device of the present Invention 
Is capable of selectively punching the first number of 
holes and the second number of holes. Therefore It is 
possible to punch different numbers of holes In a mem- 
berto be punched urith only one punching device of the 
present Invention. 

[0026] The punching device of the present invention 
Is arranged to reliably stop the operating member in one 
of the rest areas by the Initializing operation. After ini- 
tialization, therefore, the operating member can be 
qulcl<ly moved to one of the punching areas with relia- 
bility to quickly perfomri the punching operation with re- 
liability. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0027] 

Fig. 1 is a schematic sectional front view of a cop- 
ying machine which Is an Image forming apparatus 
having a sheet processor, and which represents an 
embodiment of the present Invention; 
Fig. 2A is a top view of the punching device In the 
embodiment shown in Fig. 1 ; 
Fig. 2B Is a diagram showing a view of the punching 
device as seen from the sheet conveyance direction 
upstream side In the embodiment shown In Fig. 1 ; 
Fig. 2C Is a cross-sectional view of the punching 
device talcen along a cam member In the embodi- 
ment shown in Fig. 1; 

Fig. 3 is a side view as seen from the right-hand 
side of the punching device shown in Fig. 28, with 
some portion removed; 

Fig. 4 is a side view as seen from the right-hand 

side of the punching device shown in Fig. 2B; 

Fig. 5 is a diagram showing the configuration of a 

controller for controlling the punching device; 

Figs. 6A, 6B, 6C and 6D are diagrams for explaining 

two holes punching operation; 

Figs. 6D, 6E, 6F and 6G are diagrams for explaining 

three holes punching operation; 

Fig. 7 is a diagram showing an Ofsl/OFF logic of 

each cam member detection sensor; 

Fig. 8 Is a flowchart of the operation of the punching 

device In the embodiment of the present Invention; 



Fig. 9 Is a flowchart of an Initializing operation of the 
punching device In the embodiment of the present 
invention; 

Fig. 1 0 is a diagram In matrix form showing destl- 
s nations for the cam member In the Inltlailzing oper- 
ation of the punching device In the embodinrtent of 
the present invention; 

Fig. 11 Is a flowchart of a three holes punching op- 
eration of the punching device In the embodiment 

10 of the present invention; 

Fig. 1 2 Is a flowchart of a two holes punching oper- 
ation of the punching device In the embodiment of 
the present invention; and 
Fig. 13 ts a flowchart of a two holes/three holes 

f9 switching operation of the punching device In the 
embodiment of the present Invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

20 

[0028] An image fomning apparatus which represents 
an embodiment of the present Invention, which is, typi- 
cally, a printer, and which Includes a punching device 
and a sheet processor will be described with reference 

25 to the accompanying drawings. 

[0029] The present Invention will be described below 
with respect to a case of punching holes In a sheet. How- 
ever, the punching device of this embodiment Is capable 
of punching holes a thin member (member which should 

so be punched), e.g., a board or a plate such as a wooden 
board or an iron plate, or a sheet of some material. 
Therefore punching with the punching device of the 
present Invention Is not limited to punching on a sheet 
only. 

35 [0030] The punching device is used singly or as a por- 
tion of an apparatus with which a sheet is handled, I.e., 
in a state of being incorporated in the apparatus. The 
apparatus with which a sheet is handled Is. for example, 
a sheet processor for binding or folding punched sheets 

40 or an image forming apparatus for forming an Image on 
a sheet. Examples of the image forming apparatus are 
a copying machine, a laser beam printer, a facsimile ma- 
china, and a combination of some of these apparatuses. 
Examples of sheets punched by the punching device 

4* are ordinary paper, an overhead projector sheet, a thin 
resin sheet used as a substitute for ordinary paper, and 
a cardboard. 

(Copying machine) 

so 

[0031] A copying machine which Is an example of the 
Image fonning apparatus incorporating the punching 
device will be described with reference to Fig. 1 . 
[0032] Referring to Fig. 1 , a copying machine 3 has a 
55 sheetprocassorl connectedtoacopyingmachinamain 
unit 2. The sheet processor 1 has a punching device 50 
capable of punching holes In a sheet on which an Image 
Is fomned In the copying machine main unit 2, and a f in- 
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Isher 4 capable of sheet post-processing for binding 
each of certain numbers of copies. 
[0033] The copying machine 3 optically readsthrough 
an optical portion 6 an original which is automatically fed 
from an original feeder 5 provided at the top. A digital 
signal thereby obtained as Infonnation on the original is 
transmitted to an Image fomiing portion (Image forming 
means) 7. An Irradiating portion 7a Irradiates a photo- 
sensitive dmm 7b with laser light to f omi a latent image 
on the same. This latent image Is developed by a devel- 
oping device 7c to form a toner Image. 
[0034] A plurality of sheet cassettes B In whicli sheets 
P of various sizes are accommodated are provided in a 
lower section of the copying machine main unit 2. The 
toner image is transferred by an electrophotographic 
process onto a sheet conveyed from one of the sheet 
cassettes 8 by a pair of conveying rollers 9. The sheet 
Is conveyed to a fixing device 10. The toner Image Is 
fixed on the sheet by heat and pressure In the fixing de- 
vice 10. 

[0035] If a mode of forming an Image on one sheet 
surface has been selected, the sheet Is conveyed to the 
sheet processor 1 . If two images are to be formed on 
the two surfaces of the sheet, thesheet Is conveyed into 
a reconveying path 11 by a switchback mechanism to 
be again conveyed to the Image fomnlng portion 7, and 
an image Is formed on the other surface of the sheet. 
Thereafter the sheet Is conveyed to the sheet processor 
1 . A sheet may also be supplied through a manual In- 
sertion tray 1 2. The components of thecopying machine 
main unit 2 are controlled by a control device 14. 

(Sheet processor) 

[0036] Referring to Fig. 1, a pair of rollers 20 at an 
entrance of the sheet processor 1 receive sheet P dis- 
charged from a pair of discharging rollers 13. The re- 
ceived sheet P Is conveyed by a pair of first conveying 
rollers 21 . Passage of sheet P Is detected by a sheet 
detection sensor 22. 

[0037] Thereafter, a rear end portion of the sheet is 
punched by the punching device 50, and the sheet is 
temporarily retained on a roll surface of a buffer roller 
23 having a comparatively large diameter by pressing 
rollers 24, 25, and 26 provided on the periphery of the 
roller 23, the sheet being pressed against the roller sur- 
face by the pressing rollers 24, 25, and 26. 
[0038] A first switching flapper 27 operates for selec- 
tion between a non-sort path 28 and a sort path 29. A 
second switching flapper 30 operates for selection be- 
tween the sort path 29 and a buffer path 31 for tempo- 
rarily retaining sheet P. 

[0039] Sheet P In the non-sort path 28 Is detected by 
a sensor 32. Sheet P In the buffer path 31 is detected 
by a sensor 33. Sheet P in the sort path 29 Is conveyed 
by a pair of second conveying rollers 34. 
[0040] A processing tray unit 35 temporarily stacks 
and Jogs sheets P. The processing tray unit 35 has an 



Intermediate tray 38 provided for the purpose of per- 
fomnlng stapling processing with stapler 37 In a staple 
unit (binding means) 36. One of a pair of batch discharg- 
ing rollers 39, i.e., a lower discharging roller 39a on a 
5 fixed side In this arrangement, is placed at a discharge 
end of the Intemriedlate tray 38. 
[0041] Sheet P is discharged onto the intemiediate 
tray 36 by a pair of first discharging rollers 40 placed at 
an outlet of the sort path 29. Also, sheet P Is discharged 
'0 onto a sample tray 42 by a pair of second discharging 
rollers 41 placed at an outlet of the non-sort path 28. 
[0042] The upper discharging roller 3gb in the pair of 
batch discharging rollers 39 Is supported on aswingable 
guide 43. When the swingable guide 43 Is swung to a 
'5 closing position, it Is brought Into pressure contact with 
the discharging roller 39a to discharge sheet P from the 
Intemnedlate tray 38 onto a stack tray 44. 
[0043] A batch stack guide 45 receives traillng-end 
edges (rear ends as viewed along the batch discharge 
20 direction) of a batch of sheets stacked on the stack tray 
44 and the sample tray 42. In this embodiment, the batch 
stack guide 45 also fonns part of the casing of the sheet 
processor 1 . The operations of the components of the 
sheet processor 1 are controlled by a processing control 
25 device (operation control means) 45. 

(Punching device) 

[0044] The construction of the punching device 50 
30 mounted in the finisher 4 wlil be described with refer- 
ence to Figs. 2A, 2B, and 2C. Fig. 2A is a top view of 
the punching device 50, Fig. 2B Is a diagram showing a 
view of the punching device 50 as seen from the sheet 
conveyance direction upstream side, and Fig. 2C Is a 
35 cross-sectional view taken along acam member 72. The 
punching device 50 shown in Figs. 2A, 2B, and 2C is 
arranged to selectively punch two or three holes in a 
sheet. 

[0045] The punching device 50 has a fixed frame 51 
40 and a movable frame 52 capable of moving on the fixed 
frame 51 leftward and rightward as viewed In Figs. 2A, 
2B, and 2C. The movable frame 52 Includes a lower 
frame 60 which moves on the fixed frame 51 , and an 
upper frame 62 which is fixed on the upper side of the 
■«5 lower frame 60 with a plurality of spacers 61 interposed 
therebetween. 

[0046] The spacers 61 are provided between the low- 
er frame 60 and the upper frame 62 to form a gap S 
between atop plate 63 of the lower frame 60 and a bot- 
50 torn plate 64 of the upper frame 62 through which a 
sheet Is allowed to pass. The upstream ends of the top 
plate 63 of the lower frame 60 and the bottom plate 64 
of the upper frame 62 are formed so as to be gradually 
distanced apart from each other, as shown In Fig. 3. The 
55 upstream ends of the top plate 63 and the bottom plate 
64 thus fonned have the function of guiding a sheet into 
the gap S. 

[0047] The upper frame 62 has the bottom plate 64, 
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a top plate 66 opposed to the bottom plate 64, and a 
back plate 67 which connects the bottom plate 64 and 
the top plate 66. These plates form the shape of a box 
opened at one side as viewed In cross section. Five 
punches 68A, 68B, SeC, 68D, and 68E are mounted In 
the bottom and top plates 64 and 66 so as to be able to 
move along a vertical direction through the bottom and 
top plates 64 and 66. Die holes 70A, 70B, 70C, 70D, 
and 70E for punching holes In a sheet In cooperation 
with the punches 68A, 68B, 68C, 68D, and 68E are 
fomied In the top plat© 63 of the lower frame 60 facing 
the lower ends of the punches 68A, 68B, 66C, 68D, and 
68E. Thus the top plate 63 of the lower frame 60 func- 
tions both as a die and as a sheet guide plate. 
[0048] The punches 68A, 68B. 68C, 68D, and 6BE are 
separated into a group consisting of the punches 68A, 
68B, and 6BC for punching three holes, arranged at 
equal Intervals in the upper frame 62, and another group 
consisting of the punches 68D and 68E for punciiing two 
holes, disposed between the punches 68A, 68B, and 
68C for punching three holes. The punches 68A, QBB, 
68C, 68D, and 68E respectively have engaging pins 75 
which engage cams 73A. 73B, 73C, 73D, and 73E In a 
cam member 72, the engaging pins 75 extending per- 
pendicularly from the punches 68A, 68B, 68C, 68D, and 
68E. 

[0049J The cams 73A, 73B, 73C, 73D. and 73E 
formed in the cam member 72 are separated Into a 
group consisting of the cams 73A, 73B, and 73C for 
punching three holes, and another group consisting of 
the cams 73D and 73E for punching two holes. Each of 
the cams 73A, 73B, 73C. 73D. and 73E is a groove 
fonned of slanted portions slanted in different directions 
and straight portions extending along the direction of 
movement of the cam member 72, the slanted portions 
having their adjacent ends connected smoothly, each 
slanted portion and one of the straight portions also hav- 
ing their adjacent ends connected smoothly. Since the 
engaging pins 75 of the punches 68A, 68B, 68C, 68D, 
and 68E engage the cams 73A, 73B, 73C, 73D, and 
73E, the position of each of the punches 68A, 68B, 68C, 
68D, and 68E In the axial direction Is determined by the 
position of its pin in one of the cams. 
[0050] Referring to Figs. 2A to 2C, the punch 68A in 
the three-holes-punching punch group engages the 
cam 73A atthe left end In the three-holes-punchlrg cam 
group. The right straight portion of the cam 73A Is 
fonned so as to be longer than the left straight portion. 
The second cam 73B (73D) from the left is used in three 
holes punching and also used in two holes punching, 
and the central punch 68B In the three-holes-punching 
punch group and the left punch 68D In the two-holas- 
punchlng punch group engage the cam 73B {73D). The 
arrangement In which thecam 738 (73D] is used In com- 
mon with the two punches 6BB and 68D has the effects 
of reducing the number of cams and reducing the dis- 
tance between the punches 68B and 68D. The third cam 
73E from the left used in two holes punching and the 



fourth cam 73C from the left used In three holes punch- 
ing have their straight portions fonned continuously with 
each other. The right punch 68E used In two holes 
punching engages the third cam 73E from the left used 
s in two holes punching. The right punch 68C used In 
three holes punching engages the fourth cam 73Cfrom 
the left used In three holes punching. The outer straight 
portions of these two cams 73E and 73C extend away 
from each other. 
10 [0051] In the above-described cams, the length of the 
right straight portion of the left-end cam 73A used in 
three holes punching, the length of the right and left 
straight portions of the second cam 73B (73D) from the 
left used in three holes punching and in two holes punch- 
's ing, the length of the left straight portion 79E of the third 
cam 73E from the left used in two holes punching, and 
the length of the right straight portion of the fourth cam 
73C from the left used in three holes punching are set 
to values substantially equal to each other. The left cam 
20 73A used In three holes punching, the third cam 73E 
from the left used In two holes punching, and the fourth 
cam 73C from the left used in thee hole punching are 
fonned at the same height. The second cam 73B (73D) 
from the left used In three holes punching and In two 
ss holes punching is fonned at a height higher than that of 
the other three cams, as viewed In Fig. 2B or 2C. 
[0052] Therefore, the end of the right straight portion 
of the left cam 73A used In three holes punching and 
the end of the left straight portion of the second cam 73B 
30 (73D) from the left used in three holes punching and In 
two holes punching can be fomned in such positions as 
to face each other In the vertical direction as viewed in 
Fig. 2B or 2C. Also, the entire right straight portion 78E 
of the second cam 73B (73D) from the left used In three 
35 holes punching and in two holes punching and the entire 
left straight portion of the third cam 73E from the left 
used in two holes punching can be formed generally in 
such positions as to face each other. Thus, the punches 
68A, 68B, 68C. 68D, and 66E can be disposed by set- 
•4C ting standard distances therebetween. 

[0053] Since the positions orthecam8 73A, 73B, 73C, 
73D, and 73E are shifted along the direction of move- 
ment of the punches 68A, 68B, 68C, 68D, and 68E to 
separately form the cams, it can be avoided that the un- 
45 necessary punches are operated. 

[0054] Further, while the punches 68A, 68B, and 68C 
are disposed at equal Intervals, the distance between 
the left cam 73A used in three holes punching and the 
second cam 738 (73D) from the left used in three holes 
50 punching and in two holes punching and the distance 
between the cam 73B (73D) and the fourth cam 73C 
from the left used In three holes punching are different 
from each other. Also, the distance between the punch- 
es for three holes punching and the corresponding dls- 
5S tance between the cams for three holes punching are 
different from each other. Similarly, the distance be- 
tween the punches 68D and 68Efortwo holes punching 
and the distance between the cams 73D and 73E for 
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two holes punching are different from each other. The 
distances between the cams and the distances between 
the punches are varied as described above In order that 
the three punches for three holes punching or the two 
punches for two holes punching operate successively 
with a time lag to punch holes In a sheet as the cam 
member 72 is moved to perform three holes punching 
or two holes punching with the punches. As a result, a 
cam member drive motor 92 described below can 
smoothly operate for punching without any excessive 
load Imposed thereon. 

[0055] A rack 91 Is formed In a right end portion of the 
cam member 72. A pinion 94, which Is rotated by the 
cam member drive motor 92 provided on the movable 
frame 52. meshes with the rack 91 . 
[0056] Throe punching state detection flags (position 
detection means) 1 01 , 1 02, and 1 03 are formed on the 
right end portion of the cam member 72 so as to project 
upward. A cam member home position detection sensor 
(position detection means) 56 for detecting each of the 
three punching state detection flags 1 01 , 1 02, and 1 03 
Is provided on the top plate 66 of the upper frame 62. 
The three punching state detection flags 101 , 102, and 
1 03 and the cam member home position detection sen- 
sor 58 are arranged to detect whether two or three of 
the punches 68A. 68B. 68C. 68D, and 68E are punching 
holes In a sheet. Hereinafter, a home position will be 
referred to as "HP". 

[0057] A cam member stats detection flag (position 
detection means) 105 Isfomied on the right end portion 
of the cam member 72 so as to project horizontally. A 
cam member movement direction detection sensor (po- 
sition detection means) 57 and a cam member area de- 
tection sensor (position detection means) 58 for detect- 
ing thecam member state detection flag 105 are mount- 
ed on the back side plate 67 of the upper frame 62 In a 
state of being distanced apart from each other along the 
direction of movement of the cam member 72. 
[0058] The cam member area sensor 58 detects the 
presence/absence of the cam member state detection 
flag 1 05 at its detection point. According to the result of 
this detection, detemilnatton Is made as to whether the 
cam member 72 is in an area in which it operates the 
punches for three holes punching or In an area In which 
It operates the punches for two holes punching. 
[0059] The cam member movement direction sensor 
57 also detects the presence/absence of the cam mem- 
ber state detection flag 105 at Its detection point. Ac- 
cording to the result of this detection, the direction In 
whbh the cam member 72 is driven Is determined when 
the cam member 72 Is operated to move two or three of 
the punches 68, 6BB, 68C, 68D, and 68E for punching. 

(Controller) 

[0060] The configuration of a controller 11 0 for con- 
trolling the punching device 50 mounted In the finisher 
4 will be described with reference to Fig. 5. The control- 



ler 110 Is provided In the processing control device 46 
shown In Fig. 1, and incorporates a central processing 
unit (CPU) 111, a read-only memory (ROM) 112, and a 
random-access memory (RAM) 113. The controller 110 

s performs overall control of the punching device 50 on 
the basis of a control program stored In the ROM 112. 
The RAM 1 1 3 is used as a working area for temporEully 
holding control data and for arithmetic processing In- 
volved In control processing. 

10 [0061] The cam member HP detection sensor 56, the 
cam member movement direction sensor 57, and the 
cam member area detection sensor 58 are connected 
to the controller 110. 

[0062] Signals representing the results of sensing by 
»5 these sensors 56, 57 and 58 are Input to the controller 
110 to be used for control of the punching device 50. 
The cam member drive motor 92 Is a drive source for 
reciprocating the cam member 72 of the punching de- 
vice 50 in the horizontal direction to punch holes in a 
20 sheet. 

[0063] A driver 114 controls the cam member drive 
motor 92 according to a control signal fromthe controller 
110. A cam member FG sensor 59 is a sensor for de- 
tecting silts in a slit disk 93 attached to a rotating shaft 
25 of the cam member drive motor 92. A signal represent- 
ing the result of sensing by the cam member FG sensor 
59 is input to the controller 110. From this signal, the 
controller 1 1 0 computes the number of revolutions of the 
cam member drive motor 92 and the moving distance 
30 of the cam member 72. 

(Explanation of Operation) 

[0064] Figs. 6A through 6G are diagrams showing the 
35 state of the operation of the cam member 72. Fig. 7 Is 
a diagram showing the logtcal ON/OFF states of the cam 
member HP detection sensor 56, the cam member 
movement direction sensor 57, and the cam member 
area detectton sensor 58 relating to the state of the op- 
40 eratlon of the cam member 72. 

[0065] The punching operation of thepunching device 
50 will now be described. 

[0086] Referring to Fig. 8, which is a flowchart for ex- 
plaining the operation of the punching device 50, a con- 
troi signal for starting the operation is transmitted from 
the control device 1 4 (see Fig. 1 ) In the copying machine 
main unit 2 to the processing control device 46 for con- 
trolling the punching device 50 (S601). The controller 
110 in the processing control device 46 for controlling 
50 the punching device 50 than executes an operation for 
Initializing the punching device 50 (S602). 

(Explanation of initializing Operation) 

ss [0087] Fig. 9 is a flowchart for explaining the initializ- 
ing operation of the punching device. 
[0068] This Inltiailzing operation is an operation for 
setting the cam member In a home position to reliably 
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perform the punching operation. When the Initializing 
operation is started (S602), the controller 110 In the 
processing control device 46 for controlling the punch- 
ing device 50 checks the states (ON/OFF) of Inputs from 
the cam member HP detection sensor 56, the cam mem- 
ber movement direction detection sensor 57, and the 
cam member area detection sensor 58. From the states 
of the signal Inputs from these sensors, the controller 
1 1 0 Identifies one of areas In which the cam member 72 
Is located. 

[0069] For example, In a case where the state of the 
Input from the cam member HP detection sensor 56 is 
OFF; the state of the input from the cam member move- 
ment direction detection sensor 57 is ON; and the state 
of the cam member area detection sensor 58 is ON, the 
cam member 72 Is In a punching area (5) defined as 
shown in Fig. 7 and the punching device 50 Is In the 
state shown In Fig. 6F. As shown In Fig. 7, there are 
seven areas occupied by the cam member 72. Selection 
of a destination to which the cam member 72 should be 
made to move In the Initializing operation depends on 
the mmai area. 

[0070] Fig. 1 0 shows a matrix designating a destina- 
tion according to the states of the inputs from the cam 
member HP detection sensor 56, the cam member 
movement direction detection sensor 57. and the cam 
member area detection sensor 58. For example, If the 
Initial area Is a rest area (1) or a punching area (2) in 
the areas shown In Fig. 7, the cam member 72 Is moved 
to a rest area (4). if the initial area is a punching area 
(3), the cam member 72 is moved to the rest area (1). 
if the initial area is the rest area (4) or the punching area 
(5), the cam member 72 Is moved to a rest area (7). If 
the Initial area Is the punching area (6) or the rest area 
(7), the cam member 72 is moved to the rest area (4). 
[0071 ] Thus, a destination In the initializing operation 
is determined from the matrix (S702). After determina- 
tion of a destination, the controller 110 sends a control 
signal to the motor driver 114 for driving the cam mem- 
ber drive motor 92 (S703). 

[0072] The control signal for driving the cam member 
drive motor 92 Includes a motor ON signal, a motor nor- 
mal/reverse rotation signal, and a motor reverse rotation 
signal. If the number designating the area selected as 
a destination Is larger than that designating the Initial 
area, the cam member 72 Is moved from left to right as 
viewed In Figs. 6A to 6G. In this case, the level of the 
motor normal/reverse rotation signal is 1 (H level) and 
the controller 110 causes the motor shaft to move clock- 
wise, if the number designating the area selected as a 
destination Is smaller than that designating the initial ar- 
ea, the cam member 72 Is moved from right to left as 
viewed in Figs. 6A to 6G. In this case, the level of the 
motor normal/reverse rotation signal is 0 (L level) and 
the controller 1 1 0 causes the motor shaft to move coun- 
tercioclcwise. 

[0073] if a target rotational speed of the cam member 
drive motor 92 is V1 (which is also a target speed of 
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movement of the cam member 72 since the gear ratio 
of the rack 91 and the pinion 94 Is 1 : 1), the controller 
110 performs rotational speed control of the cam mem- 
ber drive motor 92 so that the rotational speed of the 
s motor 92 becomes equal to the target speed VI . To per- 
form this control, the controller 110 detects the Input 
pulse signal from the cam member FG sensor 59 and 
performs pulse width modulation (PWM) control of the 
motor ON signal. 
10 [0074] After starting driving the cam member drive 
motor 92, the controller 110 starts counting up a timer 
count T1 with a timer (S704). The controller 110 then 
determines whether timer count T1 <300 msec (S705). 
If T1 < 300 msec, the controller 110 then determines 
IS whether the cam member HP detection sensor 56 has 
become ON (S706). If the cam member HP detection 
sensor 56 is ON. the controller 110 determines that the 
cam member 72 has moved to the HP area, and stops 
the cam member drive motor 92 by stopping transmitting 
20 the control signal for driving the cam member drive mo- 
tor 92 to the motor driver 1 1 4 (S707). if the cam member 
HP detection sensor 56 is still OFF, the controller 110 
retums the process to step S705 and ag^n perfomns 
monitoring of T1 . 
ss [0075] If timer count T1 ^ 300 msec In step S705, the 
controller 11 0 determines that the cam member 72 can- 
not reach the HP area due to occurrence of some ab- 
nomiality in the operation of the cam member drive mo- 
tor 92 or in the movement of the cam member 72, and 
30 detennines this condition as an en-or of drive of the cam 
member drive motor 92 has occurred {S709). When 
such a drive error occurs, the controller 110 stops the 
punching device 50 to prevent any damage to the 
punching device 50, and displays Information indicating 
3s the drive error on a display panel (not shown) provided 
on thesheetprocessororthe copying machine main unit 
2 (S710). The controller 110 thus completes the initial- 
izing operation (S708). 

[0076] While the initializing operation of the punching 
40 device having three HP areas has been described, the 
in itializ I n g operatic n of a pu nching d evice having two H P 
areas can be perfomried In the same manner. That is, in 
a punching device having two HP areas, the cam mem- 
ber 72. whose operation can be described with respect 
-ts to the areas shown In Fig. 7, Is moved through the range 
from the rest area (1 ) to the rest area (4) or through the 
range from the rest area (4) to the rest area (7). The 
matrix shown In Fig. 10 can also apply in this case. 
[0077] More specifically, in the case of a punching de- 
so vice in which the cam member 72 is moved through the 
range from the rest area (1 ) to the rest area (4), the cam 
member 72 is moved to the rest area (4) if It is Initially 
located In the rest area (1) or In the punching area (2), 
and Is moved to the rest area (1) if It Is Initiaiiy located 
55 in the punching area (3) or in the rest area (4). 

[0078] In the case of a punching device in which the 
cam member 72 is moved through the range from the 
rest area (4) to the rest area (7), the cam member 72 is 
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moved to the rest area (7) If It Is initially located In the 
rest area (4) or in the punching area (5), and Is moved 
to the rest area (4) If it is initially located In the punching 
area (6) or in the rest area (7). 

[0079] According to the matrix shown in Fig. 1 0, In the 
initializing operation of the punching devices having 
three HP areas, the cam member 72 is moved to the 
rest area (4) If the Initial area Is the rest area (1 ) or the 
punching area (2), is moved to the rest area (1 } If the 
initial area is the punching area (3) or the rest area (4), 
is moved to the rest area (7) If the initial area is the rest 
area (4) or the punching area (5), and is moved to the 
rest area (4) if the initial area Is the punching area (6) or 
the rest area (7), that Is, the cam member 72 is moved 
to the area remoter than the closet area. The cam mem- 
ber 72 is not moved to the rest area (1 ) when the initial 
area Is the rest area (1) or the punching area (2), is not 
moved to the rest area (4) when the initial area is the 
punching area (3) or the rest area (4). Is not moved to 
the rest area (4) when the initial area Is the rest area (4) 
or the punching area (5), and Is not moved to the rest 
area {7) when the Initial area Is the punching area (6) or 
the rest area (7). That is, the cam member 72 is not 
moved to the closer area. The reason for moving the 
cam member to the remoter area is as described below. 
[0080] The cam member drive motor 92 is stopped af- 
ter the cam member state detection flags 1 01 , 1 02, 1 03, 
and 105 provided on the cam member 72 have been 
detected by the cam member HP detection sensor 56, 
the cam member movement direction detection sensor 
57, and the cam member area detection sensor 58. 
Therefore, the cam member cannot be stopped In the 
desired area unless It always passes the sensors with 
the same inertia. If the cam member 72 is moved to the 
closer area, it must be stopped immediately. However, 
the Inertia of the cam member 72 thus moved is not al- 
ways the same. 

[0081 ] If the Inertia is not always the same, the cam 
member 72 cannot be stopped at the target area with 
accuracy, that is, Inltiailzalion cannot be performed with 
the desired accuracy. Forthls reason, the cam member 
72 is stopped after being moved through a certain dis- 
tance, thereby ensuring that the inertia of the cam mem- 
ber 72 when the cam member drive motor 92 is stopped 
Is substantially the same no matter which Initial area the 
cam member 72 has started moving from. The lengths 
of the cams 73A, 73B, 73C, 73D. and 73E formed In the 
cam member 72 are utilized to enable movement of the 
cam member 72 through a certain distance, thereby 
avoiding increasing the overall size of the punching de- 
vice. 

[00B2] The same can also be said with respect to the 
Initializing operation ofthe punching devices having only 
two HP areas. 

[0083] Referring again to Fig. 8, after the initializing 
operation (S602) has been completed, a job start signal 
Is transmitted from the control device 1 4 (see Fig. 1 ) In 
the copying machine main unit 2 to the processing con- 



trol device 46 for controlling tine punching device 50. Si- 
multaneously, sheet size information designating the 
size of a sheet conveyed from the copying machine 
main unit 2 to the punching device 50 Is transmitted to 

5 the processing control device 46. Sheet size infonmation 
Is transmitted each time a sheet Is conveyed from the 
copying machine main unit 2. The controller 110 re- 
ceives sheet size infonnatlon (S604) and determines 
whether the size designated by the sheet size data Is a 

10 punchable sheet size (S605). The sheet size data in- 
cludes sheet length data L and sheet width data W. For 
example, if the sheet length data L received is L = 200 
and the sheet width data W is W = 148, and if this size 
Is not a punchable sheet size, the controller 110 does 

»5 not permit execution of the punching operation and 
punching is not perfonned. The controller 10 then ob- 
tains the next sheet size data. 

[0084] if the sheet size data obtained in step S805 
designates a punchable sheet size, the controller 110 
20 checi<s the cam member 72 area. The result of the 
above-described initializing operation (S602) must be 
that the cam member 72 has been moved to the rest 
area (1), the rest area (4) or the rest area (7) shown In 
Fig. 7. That is, the controller 110 detemnlnesthe location 
25 of the cam member 72 in one of the rest area (1). the 
rest area (4). and the rest area (7) shown in Fig. 7. This 
determination Is made through detection ofthe ON/OFF 
state of the cam member HP detection sensor 56 
(S606). 

30 [0085] if no determination result indicating the loca- 
tion of the cam member 72 In one of the rest area (1), 
the rest area (4), and the rest area (7) is obtained, It is 
not possible to assure the desired result of the punching 
operation, and the controller 110 detemnines that an er- 
as ror of drive of the cam member drive motor 92 has oc- 
curred (S61 7). When such a drive error occurs, the con- 
troller 110 stops the punching device 50 to prevent any 
damage to the punching device 50. and displays infor- 
mation indicating the drive error on the display panel 
40 (not shown) provided on the sheet processor orthe cop- 
ying machine main unit 2 (S618). If it is determined In 
S606 that the cam member 72 Is In one of the rest area 
(1 ), the rest area (4), and the rest area (7), the controller 
11 0 advances the process to the next step of determin- 
es ing the sheet width (S607). 

[0086] In the sheet width determination step S607, 
detection is perfonned with a sensor (not shown) to de- 
termine whether the sheet width data W in the sheet size 
data obtained in step S604 is within the range defined 
so by 266 < W < 298. If the sheet width data W is 266 < W 
< 298, the controller 110 determines that the sheet size 
designated by the sheet size data is the size of a sheet 
In which three holes are to be punched, if thesheet width 
data W Is out of the range, the controller 1 1 0 determines 
ss that the sheet size designated by the sheet size data is 
the size of a sheet in which two holes are to be punched. 
Three holes may be also punched in a case where the 
sheet width data is 266 < W. 



25 



30 



35 



45 



50 



9 



17 



EP 1*240 985 A2 



18 



[0087] irthe result of sheet width determination In step 

5607 Is that the sheet width data W Is 266 < W < 298, 
the controller 110 detennlnes whether the cam member 
72 Is In one of the areas In which It can be operated to 
punch three holes (S608). For example, If the controller 
1 1 0 determines that the cam member 72 is In the rest 
area (4) or the rest area (7) shown in Fig. 7, it starts a 
three holes punching operation (5610), which is de- 
scribed below. If the controller 110 detemnlnes in step 

5608 that the cam member 72 Is in the rest area (1) 
shown In Fig. 7, It performs two holes/three holes switch- 
ing operation (S609), which Is also described below, 
since three holes punching cannot be directly started. 
[0086] Further, If the result of sheet width detennina- 
tlon in step S607 Is that the sheet width data W Is out of 
the range 266 < W < 298, the controller 110 determines 
whether the cam member 72 is In one of the areas in 
which It can be operated to punch two holes (a first 
number of holes (or a second number of holes)) (5612). 
For example, If the controller 1 1 0 detemnlnes that the 
cam member 72 Is In the rest area (1) or the rest area 
(4) shown In Fig. 7, It starts a two holes punching oper- 
ation (8614), which Is described below. If the controller 
110 determines in step S612 that the cam member 72 
is in the rest area (7) shown In Fig. 7, it perfomis three 
holesAwo holes switching operation (S613], which Is al- 
so described below, since two holes punching cannot 
be directly started. 

[0089] After the punching operation has been per- 
formed, the controller detennlnes whether there Is a Job 
continuation s^nal from the control device 14 (see Fig. 
1 ) In the copying machine main unit 2 to the processing 
control device 46 for controlling the punching device 50 
(S615). If there Is a Job continuation signal, thecontroiler 
110 returns the process to step S604 to obtain sheet 
size data designating the size of the next sheet {S604}. 
If the controller 110 detemnlnes in step S61 5 that there 
is no Job continuation signal, It recognizes the end of the 
job and terminates the sequential punching process 
(SSI 6). 

(Three holes Punching Operation) 

[0090] The operation for punching three holes (the 
second number of holes (or the first number of holes)) 
in a sheet will be described with reference to the flow- 
chart of Fig. 11. 

(Three holes Punching Normal Rotation Control) 

[0091] When a sheet P Is conveyed to the punching 
device, It Is guided Into the gap S. Thereafter, the oper- 
ation of the pair of rollers (not shown) conveying the 
sheet P Is stopped to set the sheet in such a position 
that the end of the sheet on the upstream side faces the 
punches 68A, 6BB. 68C, 68D, and 68E. At this time, if 
the cam member 72 is in the rest area (7) shown in Fig. 
7 (S900), It Is In the state of being shifted rightward rel- 



ative to the movable frame 52, as shown In Fig. 6G. 
[0092] To enable punching of holes in the sheet, it Is 
necessary to move the cam member 72 leftward from 
the right-hand position. The controller 110 controls the 
s cam member drive motor 92 so that the cam member 
72 moves from right to left as viewed in Fig. 6G. Control 
for moving the cam member 72 such as moving from 
the rest area (7) toward the rest area (4) will be referred 
to as three holes normal rotation control. 
10 [0093] in step S61 0, when conveyance of sheet P by 
the pair of rollers (not shown) is stopped, the controller 
110 sends a control signal to the motor driver 114 for 
driving the cam member drive motor 92 (S901). The 
control signal for driving the cam member drive motor 
'5 92 comprises a motor ON signal, a motor nonnal/re- 
verse rotation signal, and a motor reverse rotation sig- 
nal. In the case of nonnai rotation control, the level of 
the motor normal/reverse rotation signal Is 1 (H level) 
and the motor shaft is rotated clockwise. 
[0094] If a target rotational speed of the cam member 
drive motor 92 Is V2 (which is also a target speed of 
movement of the cam member 72), the controller 110 
performs rotational speed control of the cam member 
drive motor 92 (S902) through PWM control of the motor 
ON signal so that the rotational speed of the cam mem- 
ber drive motor 92 becomes equal to the target speed 
V2. The controller 110 perfonns this control by detecting 
the input pulse signal from the cam member FG sensor 
59 (S903). 

[0095] After starting driving the cam member drive 
motor 92, the controller 1 1 0 starts counting up by a timer 
count T2 (S905). This countlng-up of timer count T2 Is 
performed for the purpose of detecting a failure In the 
operation of the cam member drive motor 92. While 
processing Is continued in step S905 and subsequent 
steps, the timer and the controller 110 always monitor 
the cam member drive motor 92 in cooperation with 
each other, if T2 2 200 msec (S906), the controller 110 
determines that the operation of the cam member drive 
motor 92 has ended in failure due to occurrence of some 
abnormality in the operation of the cam member drive 
motor 92 or In the movement of the cam member 72, 
and determines this condition as an error of drive of the 
cam member drive motor 92 (S907). When such a drive 
error occurs, the controller 110 stops the punching de- 
vice 50 to prevent any damage to the punching device 
50, and displays Information indicating the drive error 
on the display panel (not shown) provided on the sheet 
processor or the copying machine main unit 2 (S914). 
[0096] As the cam member drive motor 92 rotates, the 
cam member 72 is moved from right to left in the order 
of Fig. 6G, Fig. 6F, Fig. 6E, and Fig. 60 by means of the 
pinion 93 and the raci< 91. With this movement, the 
punches 68A, 68B, and 68C for punching there holes 
are moved downward t>y the three-holes punching cams 
73A, 73B, and 73C to punch three holes in the sheet 
and are then moved upward. 

[0097] The controller 1 1 0 then waits for tuming-off of 
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the cam member HP detection sensor 56 (S908). When 
the cam member HP detection sensor56 becomes OFF 
In step S908, the controller 110 starts counting-up the 
number of pulses PI from the cam member FG sensor 
59 (8909). When during the advancement of motor drh^e 
the number of pulses PI from the cam member FG sen- 
sor 59 becomes, for example. P1 = 94 (8910). the con- 
troller 1 1 0 stops the drive control signal to the cam mem- 
ber drive motor 92, thereby stopping the cam member 
drive motor 92 (S911). 

[0098] The number of pulses, which Is 94, at which 
the cam member drive motor 92 is stopped by the con- 
troiier 110 is selected by considering mechanical varia- 
tions In the punching device 50 and variations in motor 
characteristics. That is, the number of pulses is set to 
such a number that the cam member 72 can be reliably 
stopped within the rest area (4) shown In Fig. 7. During 
counting-up to this number, the cam member HP detec- 
tion sensor 56 becomes temporarily "OFF" from the 
state of being turned "ON" by the punching operation 
state detectionf lag 1 01 at the left end In the three punch- 
ing operation state detection flags 101, 102, and 103. 
and Is thereafter returned to the "ON" state by the central 
punching state detection flag 102. 
[0099] Even if the cam member drive motor is tumed 
OFF, the cam member 72 stop timing Is adjusted by fac- 
toring In the Inertia of the cam member drive motor 92, 
the Inertia of the cam member 72, etc., so that the cam 
member 72 Is stopped with the cam member HP detec- 
tion sensor 56 correctly facing the central punching op- 
eration state detection flag 1 02 (the cam member 72 in 
the rest area (4) shown In Fig. 7) (S912). 

(Three holes Punching Reverse Rotation Control) 

[0100] When a sheet P Is conveyed to the punching 
device, it is guided Into the gap S. Thereafter, the oper- 
ation of the pair of rollers (not shown) conveying the 
sheet P Is stopped to set the sheet In such a position 
that the end of the sheet on the upstream side faces the 
punches eSA, 68B, 68C, 68D, and 68E. At this time, If 
the cam member 72 Is In the rest area (4) shown In Fig. 
7, it is in the state of being shifted leftward relative to the 
movable frame 52, as shown in Fig. 6D. 
[0101] To enable punching of holes in the sheet. It is 
necessary to move the cam member 72 rightward from 
the left-hand position. The controller 110 controls the 
cam member drive motor 92 so that the cam member 
72 moves from left to right as viewed in Fig. 6D. Control 
for moving the cam member 72 such as moving from 
the rest area (4) toward the rest area (7) will be referred 
to as three holes reverse rotation control. 
[01 02] In step S61 0, when conveyance of sheet P by 
the pair of rollers (not shown) is stopped, the controller 
110 sends a control signal to the motor driver 114 for 
driving the cam member drive motor 92 (S901). The 
control signal for driving the cam member drive motor 
92 comprises a motor ON signal, a motor normai/re- 



vense rotation signal, and a motor reverse rotation sig- 
nal. In the case of nomial rotation control, the level of 
the motor nomrial/reverse rotation signal Is 0 (L level) 
and the motor shaft Is rotated counterctoci<wise. 

5 [01 03] If a target rotational speed of the cam member 
drive motor 92 Is V2 (which is also a target speed of 
movement of the cam member 72), the controller 110 
performs rotational speed control of the cam member 
drive motor 92 (S902) through PWM control of the motor 

10 ON signal so that the rotational speed of the cam mem- 
ber drive motor 92 becomes equal to the target speed 
V2 . The controller 1 1 0 perf ornis this control by detecting 
the Input pulse signal from the cam member FG sensor 
59 (S903). 

IS [0104] After starting driving the cam member drive 
motor 92. the controller 1 1 0 starts counting up by a timer 
count T2 (S905). This counting-up of timer count T2 Is 
perfonned for the purpose of detecting a failure In the 
operation of the cam member drive motor 92. While 
processing is continued in step S905 and subsequent 
steps, the timer and the controller 110 always monitor 
the ceun member drive motor 92 in cooperation with 
each other if T2 S 200 msec (S906). the controller 110 
determines that the operation of the cam member drive 
25 motor92 has ended in failure due to occurrence of some 
abnormality In the operation of the cam member drive 
motor 92 or in the movement of the cam member 72, 
and detemnines this condition as an error of drive of the 
cam member drive motor 92 (8907). When such a drive 
30 error occurs, the controller 1 1 0 stops the punching de- 
vice 50 to prevent any damage to the punching device 
50, and displays infomiatlon Indicating the drive error 
on the display panel (not shown) provided on the sheet 
processor or the copying machine main unit 2 (S914). 
35 [0105] As the cam member drive motor 92 rotates, the 
cam member 72 Is moved from left to right in the order 
of Fig. 6D. Fig. 6E, Fig. 8F, and Fig. 8G by means of the 
pinion 93 and the rack 91. With this movement, the 
punches 68A. 6BB. and 68C for punching three holes 
■<o aremoved downward by the three-holes punching cams 
73A, 73B, and 730 to punch three holes in the sheet 
and are then moved upward. 

[01 06] The controller 1 1 0 then waits for turning-off of 
the cam member HP detection sensor 56 (S908). When 
49 the cam member HP detection sensor 56 becomes OFF 
In step S908, the controller 110 starts counting-up the 
number of pulses PI from the cam member FG sensor 
59(5909). When durlngthe advancement of motor drive 
the number of pulses P1 from the cam member FG sen- 
se sor 59 becomes, for example, PI = 94 (S91 0), the con- 
troller 1 1 0 stops the drive control signal to the cam mem- 
ber drive motor 92, thereby stopping the cam member 
drive motor 92 (S911). 

[0107] The number of pulses, which is 94, at which 
ss the cam member drive motor 92 is stopped by the con- 
troller 110 Is selected by considering mechanical varia- 
tions in the punching device 50 and variations in motor 
characteristics. That Is, the number of pulses is set to 
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such a number that the cam member 72 can be reliably 
stopped within the rest area (7) shown In Fig. 7. During 
countlng-up this nunnber, the cam member HP detection 
sensor 56 becomes temporarily "OFP from the state of 
being turned "ON" by the central punching operation 
state detection flag 1 02 In the three punching operation 
state detection flags 1 01 . 1 02, and 1 03 , and is thereafter 
returned to the "ON" state by the punching operation 
state detection flag 101 at the left end. 
[0108] Even 11 the cam member drive motor 92 Is 
turned OFF, the cam member 72 stop timing is adjusted 
by factoring in the inertia of the cam member drive motor 
92, the inertia ot the cam member 72, etc., so that the 
cam member 72 Is stopped with the cam member HP 
detection sensor 56 correctly facing the punching oper- 
ation state detection flag 101 at the left end (the cam 
member 72 In the rest area (7) shown in Fig. 7) (S912). 

(Two holes Punching Operation) 

[0109] The operation for punching two holes In a 
sheet will be described with reference to the flowchart 
of Fig. 12. 

(Two holes Punching Normal Rotation Control) 

[0110] When a sheet P Is conveyed to the punching 
device, It Is guided into the gap S. Thereafter, the oper- 
ation of the pair of rollers (not shown) conveying the 
sheet P Is stopped to set the sheet In such a position 
that the end of the sheet on the upstream side faces the 
punches 68A. 68B. 68C, 68D, and 68E. At this time, if 
the cam member 72 is in the rest area (4) shown in Fig. 
7 (SI 000). ft Is in the state of being shifted rightward 
relative to the movable frame 52, as shown In Fig. 6D. 
[0111] To enable punching of holes In the sheet, it Is 
necessary to move the cam member 72 leftward from 
the right-hand position. The controller 110 controls the 
cam member drive motor 92 so that the cam member 
72 moves from right to left as viewed In Fig. 6D. Control 
for moving the cam member 72 such as moving from 
the rest area (4) toward the rest area (1 ) will be referred 
to as two holes normal rotation control. 
[0112] in step S614, when conveyance of sheet P by 
the pair of rollers (not shown) is stopped, the controller 
110 sends a control signal to the motor driver 114 for 
driving the cam member drive motor 92 (SI 001). The 
control signal for driving the cam member drive motor 
92 comprisas a motor ON signal, a motor normal/re- 
verse rotation signal, and a motor reverse rotation sig- 
nal, in the case of normal rotation control, the level of 
the motor normal/reverse rotation signal is 1 (IH level) 
and the motor shaft Is rotated clockwise. 
[0113] if a target rotational speed of the cam member 
drive motor 92 is V2 (which Is also a target spaed of 
movement of the cam member 72) (81 002), the control- 
ler 110 perfonns rotational speed control of the cam 
member drive motor 92 (81 002) through PWM control 



of the motor ON signal so that the rotational speed of 
the cam member drive motor 92 becomes equal to the 
target speed V2. The controller 1 1 0 perfonns this control 
by detecting the Input pulse signal from the cam member 
5 FG sensor 59 (SI 003). 

[0114] After starting driving the cam member drive 
motor 92, the controller 1 1 0 starts counting up by a timer 
count T2 (S1005). This countlng-up of timer count T2 is 
performed for the purpose of detecting a failure in the 
10 operation of the cam member drive motor 92. While 
processing is continued in step SI 005 and subsequent 
steps, the timer and the controller 110 always monitor 
the cam member drive motor 92 in cooperation with 
each other, if T2 S 200 msec (S1 006), the controller 1 1 0 
is detennines that the operation of the cam member drive 
motor 92 has ended in failure due to occurrence of some 
abnormality in the operation of the cam member drive 
motor 92 or In the movement of the cam member 72. 
and determines this condition as an error of drive of the 
20 cam member drive motor 92 (SI 007). When such a 
drive error occurs, the controller 1 1 0 stops the punching 
device 50 to prevent any damage to the punching device 
50, and displays Infonnation Indicating the drive error 
on the display panel (not shown) provided on the sheet 
25 processor or the copying machine main unit 2 (81 014). 
[0115] As the cam member drive motor 92 rotates, the 
cam member 72 is moved from right to left in the order 
of Fig. 6D. Fig. 60, Fig. 6B. and Fig. 6A by means ot the 
pinion 93 and the racl< 91 . With this movement, the 
30 punches 68D and 68E for punching two holes are 
moved downward by the two-holes punching cams 73D 
and 73E to punch two holes in the sheet and are then 
moved upward. 

[0116] The controller 110 then waits for turning-off ot 
35 the cam member HP detection sensor 56 (SI 008). 
When the cam member HP detection sensor 56 be- 
comes OFF in step SI 008, the controller 110 starts 
countlng-up the number of pulses P2 from the cam 
member FQ sensor 59 (S1009). Whan during the ad- 
40 vancement of motor drive the number of pulses P2 from 
the cam member FG sensor 59 becomes, tor example, 
P2 = 83 (SI 01 0), the controller 1 1 0 stops the drive con- 
trol signal to the cam member drive motor 92, thereby 
stopping the cam member drive motor 92 (S1011). 
45 [0117] The number of pulses, which Is 83, at which 
the cam member drive motor 92 Is stopped by the con- 
troller 110 is selected by considering mechanical varia- 
tions in the punching device 50 and variations in motor 
characteristics. That is, the number of pulses is set to 
50 such a number that the cam member 72 can be reliably 
stopped within the rest area (1) shown In Fig. 7. During 
countlng-up to this number, the cam member HP detec- 
tion sensor 56 becomes temporarily "OFF" from the 
state of being turned "ON" by the central punching op- 
59 eration state detection flag 102 in the three punching 
operation state detection flags 101, 102, and 103, and 
Is thereafter returned to the "ON" state by the punching 
operation state detection flag 1 03 at the right end. 
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[0118] Even It the cam member drive motor 92 Is 
turned OFF, the cam member 72 stop timing Is adjusted 
by factoring In the Inertia of the cam memberdrlve motor 
92, the Inertia of the cam member 72, etc., so that the 
cam member 72 Is stopped with the cam member HP 
detection sensor 56 correctly facing the punching oper- 
ation state detection flag 103 at the right end (the cam 
member 72 In the rest area (1) shown in Fig. 7) (81012). 

(Two holes Punching Reverse Rotation Control) 

[0119] When a sheet P is conveyed to the punching 
device, it is guided into the gap S. Thereafter, the oper- 
ation of the pair of rollers (not shown) conveying the 
sheet P Is stopped to set the sheet In such a position 
that the end of the sheet on the upstream side faces the 
punches 6aA, 68B, 68C, 68D, and 68E. At this time. If 
the cam member 72 Is In the rest area (1 ) shown In Fig. 
7 (SI 000). it is in the state of being shifted leftward rel- 
ative to the movable frame 52, as shown In Fig. 6A. 
[0120] To enable punching of holes in the sheet. It is 
necessary to move the cam member 72 rightward f «>m 
the left-hand position. The controller 110 controls the 
cam member drive motor 92 so that the cam member 
72 moves from left to right as viewed in Fig. 6A. Control 
for moving the cam member 72 such as moving from 
the rest area (1 ) toward the rest area (4) will be referred 
to as two holes reverse rotation control. 
[0121J in step S614, when conveyance of sheet P by 
the pair of rollers (not shown) is stopped, the controller 
110 sends a control signal to the motor driver 114 for 
driving the cam member drive motor 92 (SI 001). The 
control signal for driving the cam member drive motor 
92 comprises a motor ON signal, a motor nonnai/re- 
verse rotation signal, and a motor reverse rotation sig- 
nal. In the case of normal rotation control, the level of 
the motor nomnal/reverse rotation signal is 0 (L level) 
and the motor shaft Is rotated counterclocitwlse. 
[01 22] If a target rotational speed of the cam member 
drive motor 92 Is V2 (which is also a target speed of 
movement of the cam member 72) (SI 002), the control- 
ler 110 perfomns rotational speed control of the cam 
member drive motor 92 (S1002) through PWM control 
of the motor ON signal so that the rotational speed of 
the cam member drive motor 92 becomes equal to the 
target speed V2. The controller 1 1 0 performs this control 
by detectlngthe Input pulse signal from the cam member 
FG sensor 59 (SI 003). 

[0123] After starting driving the cam member drive 
motor 92, the controller 1 1 0 starts counting up by a timer 
count T2 (SI 005). This counting-up of timer count T2 is 
performed for the purpose of detecting a failure In the 
operation of the cam member drive motor 92. While 
processing is continued In step SI 005 and subsequent 
steps, the timer and the controller 110 always monitor 
the cam member drive motor 92 In cooperation with 
each other. If T2 2 200 msec (SI 006), the controller 1 1 0 
determines that the operation of the cam member drive 



motor 92 has ended In failure due to occurrence of some 
abnormality in the operation of the cam member drive 
motor 92 or in the movement of the cam member 72, 
and determines this condition as an error of drive of the 

s cam member drive motor 92 (SI 007). When such a 
drive error occurs, the controller 1 10 stops the punching 
device 50 to prevent any damage to the punching device 
50, and displays information Indicating the drive error 
on the display panel (not shown) provided on the sheet 

10 processor or the copying machine main unit 2 (SI 01 4). 
[0124] As the cam member drive motor 92 rotates, the 
cam member 72 is moved from left to right in the order 
of Fig. 6A, Fig. 6B, Fig. 60, and Fig. 6D by means of the 
pinion 93 and the rack 91. With this movement, the 

IS punches 68D and 68E for punching two holes are 
moved downward by the two-holes punching cams 73D 
and 73E to punch two holes In the sheet and are then 
moved upward. 

[0125] The controller 110 then waits for turning-off of 
so the cam member HP detection sensor 56 (SI 008). 
When the cam member HP detection sensor 56 be- 
comes OFF instep SI 008, the controller 110 starts 
counting-up the number of pulses P2 from the cam 
member FQ sensor 59 (S1009). When during the ad- 
25 vancement of motor drive the number of pulses P2 from 
the cam member FG sensor 59 becomes, for example, 
P2 = 83 (SI 01 0), the controller 1 1 0 stops the drive con- 
trol signal to the cam member drive motor 92, thereby 
stopping the cam memberdrlve motor 92 (SI 011). 
30 [0126] The number of pulses, which Is 83, at which 
the cam member drive motor 92 is stopped by the con- 
troller 110 is selected by considering mechanical varia- 
tions in the punching device 50 and variations in motor 
characteristics. That is, the number of pulses is set to 
35 such a number that the cam member 72 can be reliably 
stopped within the rest area (4) shown In Fig. 7. During 
count to this number, the cam member HP detection 
sensor 56 becomes temporarily "OFF" from the state of 
being turned "ON" by the punching operation state de- 
40 tectlon flag 103 at the right end In the three punching 
operation state detection flags 101, 102, and 103, and 
Is thereafter returned to the "ON" state by the central 
punching operation state detection flag 1 02. 
[0127] The cam member 72 stop timing is adjusted by 
4S factoring in the inertia of the cam member drive motor 
92, the Inertia of the cam member 72, etc., so that the 
cam member 72 Is stopped with the cam member HP 
detection sensor 56 correctly facing the central punch- 
ing state detection flag 1 02 (the cam member 72 in the 
so rest area (4) shown in Fig. 7) (S1012). 

(Two holesrthree holes Switching Operation) 

[0128] The operation for switching the number of 
ss holes to be punched in a sheet from two to three will be 
described with reference to the flowchart of Fig. 13. 
[0129] in the case where three holes punching oper- 
ation In step S610 shown In Fig. 8 is continued, that is. 
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the sheet width size data checked In step S607 Is un- 
changed, punching of three holes In a sheet In the 
above-described manner can be repeated by recipro- 
cating the cam member 72 between the rest area (4) 
and the rest area (7) shown in Fig. 7. Similarly, In the 
case of two holes punching, punching of two holes in a 
sheet can be repeated by reciprocating the cam mem- 
ber 72 between the rest area (1) and the rest area (4) 
shown in Fig. 7. 

[0130] Therefore, If In step S607 the sheet width size 
data Is changed from a value out of the range 266 < W 

< 298 to a value within the range 266 < W < 298, It is 
necessary to change the punching mode from two holes 
punching operation to three holes punching operation. 
[01311 Referring to Fig. 13, if the cam member 72 is 
located In one of the areas other than the rest area (4) 
shown In Fig. 7 {S1021), It Is moved to the rest area (4) 
shownin Fig. 7(S1022). If thecam member 72 islocated 
In the rest area (4) shown in Fig. 7, it is not moved from 
the rest area (4) since it can be Immediately operated 
for either two holes or three holes punching operation 
from the rest area (4). The cam member control method 
for moving the cam memberf rom the rest area (7) to the 
rest area (4) is the same as that fo r the above-described 
two holes reverse rotation operation. 

(Three holes/two holes Switching Operation) 

[0132] Conversely, If in step S607 the sheet width size 
data is changed from a value within the range 266 < W 

< 298 to a value out of the range 266 < W < 298, it is 
necessary to change the punching mode from three 
holes punching operation to two holes punching opera- 
tion. 

[0133] Referring to. Fig. 13, if the cam member 72 Is 
located in one of the areas other than the rest area (4) 
shown in Fig. 7 (SI 021 }, tt is moved to the rest area (4) 
shown in Fig. 7 (SI 022). If the cam member 72 is located 
In the rest area (4) shown in Fig. 7, tt Is not moved from 
the rest area (4) since it can be immediately operated 
for either two holes or three holes punching operation 
from the rest area (4). The cam member control method 
for moving thecam memberfrom the rest area (1) to the 
rest area (4) is the same as that for the above-described 
two holes reverse rotation operation. 
[0134] In the above-described arrangement, each 
punch 68 is moved by the cam 73 moving Integrated In 
the cam member 72 (operating means). Alternatively, 
each punch 68 may be connected by a link (not shown) 
to a moving pfate whkJh is provided in place of the cam 
member, and which functions like the cam member to 
move the punch 68. In this case, the moving plate and 
the link constitute an operating means. 
[0135] The punching device In this embodiment of the 
present invention is arranged to punch holes in a sheet 
by using the movement of the cam member in a direction 
intersecting the direction of movement of each punch, 
or by using the movement of a moving plate. Then, the 



device thus simply constructed can quickly punch holes 
in a sheet. 

[0136] The copying machine having the punching de- 
vice of this embodiment capable of quickly punching 
5 holes in asheetcan speedllyprovlde a user with a sheet 
on whteh an image Is formed. 

[0137] Also, the sheet processor having the punching 
device of this embodiment capable of quickly punching 
holes In asheetcan speedllyprovlde a user with a sheet 
»o on which an Image Is fomied. 

[0138] The reason for setting the target speed V1 of 
the cam member drive motor 92 (corresponding to the 
target speed of movement of the cam member 72) in the 
Initializing operation to a value lower than the target 
f3 speed V2 of the cam member 72 In the punching oper- 
ation in the above description is as described below. 
[0139] The area In which the cam member 72 is 
stopped immediately before the initializing operation is 
perfonned is not fixed. The distance through which the 
20 cam member 72 is moved from the area in which It has 
been stopped to the area in which it is stopped at the 
end of the initializing operation varies on a case-by-case 
basis. It Is difficultto control stopping of the cam member 
72 through the rotation of the cam member drive motor 
25 92, which is a pulse motor. In view of this problem, the 
cam member 72 is stopped after the cam member drive 
motor 92 Is stopped upon detecting the cam member 
state detection flags 101, 102, 103, and 105 provided 
on the cam member 72 by means of the cam member 
30 HP detection sensor 56, the cam member movement 
direction detection sensor 57, and the cam member ar- 
ea detection sensor58. Therefore, if the speed of move- 
ment of the cam member 72 Is Increased, the distance 
through which the cam member 72 moves until the time 
35 at which the motor is stopped Is increased by the inertia 
of the cam member 72. In such a case, the time required 
to thereafter start the punching operation is increased. 
For this reason, the speed of the cam member drive mo- 
tor 92 In the Initializing operation Is reduced to reduce 
40 the speed of movement of the cam member 72. 

[0140] On the contrary, in the case of the punching 
operation, the distance between one of the rest areas 
to another of the rest areas via the target punching area 
is known before the cam member 72 is moved. There- 
45 fore, by detecting the number of revolutions of the cam 
member drive motor 92 and by factoring in the Inertia of 
the cam member drive motor 92, the Inertia of the cam 
member 72, etc., the cam member drive motor 92 may 
be stopped immediately before the cam member 72 
50 reaches the rest area after passing the target punching 
area. Consequently, the target speed V2 of the cam 
member drive motor 92 in the punching operation is set 
higher than the target speed V1 in the initializing oper- 
ation to improve the punching efficiency. 
ss [0141] How the rest areas and punching areas in the 
appended claims corresponds to the rest areas and 
punching areas in the above-described embodiment 
(see Fig. 7) will be described. 
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[0142] If the rest area (1) In the embodiment Is as- 
sumed to correspond to the first rest area In claims 1 
and 2, the first punching area, the second punching ar- 
ea, and the second rest area In the claims correspond 
to the punching area (2), the punching area (3), and the 
rest area (4) In the emlwdlment. 
[0143] If the rest area (4) in the embodiment is as- 
sumed to correspond to the first rest area In claims 1 
and 2, the first punching area, the second punching ar- 
ea, and the second rest area in the clabns correspond 
to the punching area (3), the punching area (2), and the 
rest area (1), or to punching area (5), the punching area 
(6), and the rest area (7) In the embodiment. 
[0144] If the rest area (7) In the embodiment Is as- 
sumed to correspond to the first rest area In claims 1 
and 2, the first punching area, the second punching ar- 
ea, and the second rest area in the claims correspond 
to the punching area (6), the punching area (5), and the 
rest area (4) in the embodiment. 
[0145] If the rest area (1) In the embodiment Is as- 
sumed to con^spond to the first rest area In clalnns 3 
and 4, the first punching area, the second punching ar- 
ea, the second rest area, the third punching area, the 
fourth punching area, and the third rest area in the 
claims correspond to the punching area (2), the punch- 
ing area (3), the rest area (4), the punching area (5), the 
punching area (6), and the rest area (7) in the embodi- 
ment. 

[0146] If the rest area (7) in the embodiment is as- 
sumed to correspond to the first rest area In claims 3 
and 4, the first punching area, the second punching ar- 
ea, the second rest area, the third punching area, the 
Fourth punching area, and the third rest area In the 
claims correspond to the punching area (6), the punch- 
ing area (5), the rest area (4), the punching area (3), the 
punching area (2), and the rest area (1) In the embodi- 
ment. 

[0147] The first movement area in the clalnns Is, for 
example, an area for punching two (or three) holes in a 
sheet, and the second movement area Is an area for 
punching three (or two) holes in a sheet. That is, differ- 
ent numbers of holes are punched through the first and 
second movement areas. The number of holes punched 
through each of the first and second movement areas 
is not limited to two or three. Accordingly, the number of 
holes punched by the punching device Is not limited to 
two or three. 

[0148] There is provided a punching device including: 
a die member having a plurality of die holes formed 
therein; a plurality of punch members which are caused 
to advance into the die holes to punch holes In a member 
to be punched; an operating member having cam por- 
tions formed along a direction intersecting the direction 
of advancement of the punch members, the operating 
member being moved along the direction Intersecting 
the direction of advancement of the punch members to 
cause by a conversion function of the cam portions the 
punch members to advance into the die holes; and a 



drive unit for selectively causing advancement of the 
plurality of punch members by changing the direction of 
movement of the operating member In thepunching de- 
vice, each of the cam portions has a straight groove and 
5 a cam groove for perfomiing the conversion function, 
and when the operating member Is moved in one of op- 
posite directions, at least one of the cam grooves of the 
cam portions acts on one of the punch members to se- 
lectlveiy cause the same to advance. 



Claims 

1 . A punching device comprising: 

T5 

a die member having a plurality of die holes 
fonned therein; 

a plurality of punch members which are caused 
to advance into the die holes to punch holes in 

20 a member to be punched; 

an operating member having cam portions 
fomied along e direction Intersecting the direc- 
tion of advancement of said punch members, 
said operating member being moved along the 

25 direction intersecting the direction of advance- 

ment of said punch members to cause by acon- 
verslon function of said cam portions said 
punch members to advance Into the die holes; 
and 

30 drive means for selectively causing advance- 

ment of said plurality of punch members by 
changing the direction of movement of said op- 
erating member 

3s 2. A punching device according to claim 1 , wherein 
each of said cam portions has a straight groove and 
a cam groove for performing the conversion func- 
tion, and wherein, when said operating member is 
moved in one of opposite directions, at least one of 
40 said cam grooves of said cam portions acts on one 
of said punch members to selectlveiy cause the 
same to advance. 

3. A punching device according to claim 2, wherein 
45 one of said cam portions has two cam grooves at 
Its center, and straight grooves formed at opposite 
ends of each cam groove, and is used to control two 
of said punch members. 

so 4. A punching device according to claim 2, wherein 
one of said cam portions has one cam groove at its 
center, and straight grooves fonned at opposite 
ends of the cam groove, and is used to control two 
of said punch members. 

55 

5. A punching device according to claim 2, wherein 
one of said cam portions has one cam groove at its 
end, and a straight groove fomried at an end of the 
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cam groove, and Is used to control one of said 
punch members. 

6. A punching device according to claim 2, wherein: 

one of said cam portions has two cam grooves 
at its center, and straight grooves formed at op- 
posite ends of each cam groove, and Is used to 
control two of said punch meml^ers; 
another of said cam portions has one cam 
groove at its center, and straight grooves 
fonmed at opposite ends of the cam groove, and 
is used to control two of said punch members; 
and 

a remeUning one of said cam portions has one 
cam groove at Its end, and a straight groove 
fonned at an end of the cam groove, and is used 
to control one of said punch members, two of 
said punch members and three of said punch 
members being selectively caused to advance. 

7. A punching device according to cialm 1 , wherein; 

the cam portions of said operating member are 
sectioned in the order of a first rest area, a first 
punching area, a second punching area, a sec- 
ond rest area, a third punching area, a fourth 
punching area, and a third rest area; 
said operating member can be moved between 
the first rest area and the second rest area on 
the basis of a detection operation performed by 
means for detecting the position of said oper- 
ating member under the control of operation 
control means tor controlling said drive means; 
and 

said operating member perfonns in the first 
punching area a punching operation for caus- 
ing at least one of said punch members to ad- 
vance Into the corresponding die hole when 
movedfrom thefirst rest area to thesecond rest 
area, and performs in the second punching ar- 
ea a punching operation for causing said at 
least one of the punch members to advance in- 
to the corresponding die hole when moved from 
the second rest area to tfia first rest area. 

e. A punching device according to claim 7, wherein 
said operation control means performs an Initializ- 
ing operation for moving said operating member to 
the second rest area when said operating member 
Is located in the first rest area or In the first punching 
area, and that for moving said operating member to 
the first rest area when said operating member is 
located in the second rest area or In the second 
punching area. 

9. A punching device according to claim 1 , wherein: 



the cam portions of said operating member are 
sectioned In the order of a first rest area, a first 
punching area, a second punching area, a sec- 
ond rest area, a third punching area, a fourth 
punching area, and a third rest area; 
said operating member Is moved on the basis 
of a detection operation performed by means 
for detecting the position of said operating 
member under the control of operation control 
means for controlling said drive means; 
said operating member punches a first number 
of holes In the member to be punched with the 
corresponding number of said punch members 
when said operating member performs in the 
first punching area a punching operation for 
causing the corresponding number of said 
punch members to advance Into the corre- 
sponding die holes during its movement from 
the first rest area to the second rest area, and 
when said operating member performs In the 
second punching area a punching operation for 
causing the corresponding number of said 
punch members to advance Into the corre- 
sponding die holes during its movement from 
the second rest area to the first rest area; and 
said operating member punches a second 
number of holes In the member to be punched 
with the corresponding number of said punch 
members when said operating member per- 
fonns In the third punching area a punching op- 
eration for causing the corresponding number 
of said punch members to advance Into the cor- 
responding die holes during Its movement from 
the second rest area to the third rest area, and 
when said operating member performs in the 
fourth punching area a punching operation for 
causing the corresponding number of said 
punch members to advance Into the corre- 
sponding die holes during its movement from 
the third rest area to the second rest area. 

10. A punching device according to claim 9, wherein 
said operation control means performs, on the basis 
of the detection operation of said position detection 
means, an initializing operation for moving said op- 
erating member to the second rest area when said 
operating member Is located In the t)rst rest area or 
In the first punching area, that for moving said op- 
erating member to the first rest area when said op- 
erating member is located in the second rest area 
or in the second punching area, that for moving said 
operating member to the third rest area when said 
operating member Is located In the second rest area 
or In the third punching area, and that for moving 
said operating member to the second rest area 
when said operating member Is located in the third 
rest area or In the fourth punching area. 
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11. A punching device according to claim 10, wherein 
a speed of the movement of said operating member 
In the Initializing operation Is lower than that In the 
punching operation. 

s 

12. A punching device according to claim 10, wherein 
said operation control means stops the operation of 
said drive means if said position detection means 
does not detect the movement of said operating 
member after a lapse of a predetennined period of <o 
time from the time at which said operation control 
means starts the operation of said operating mem- 
ber. 

13. A punching device accorcling to claim 12, wherein »* 
the predetennined period of time In the case of the 
initializing operation Is longer than that In the case 

of the punching operation. 

14. A sheet processorcomprising a punching device for ^ 
punching holes In the sheet according to any one 

of claims 1 to 13. 

15. An Image fonning apparatus comprising: 

image fonning means for fonning an Image on 
a sheet; and 

a punching device for punching holes in the 
sheet according to any one of claims 1 to 13. 
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